The Western dialect of Naxi has four lexical tones: High, Mid, Low and Rising; the latter is rare in the lexicon. Rising contours on monosyllables are frequent in connected speech, however, as a result of a process of syllable reduction: reduction of a morpheme carrying the High tone results in re-association of its tone to the syllable that precedes it in the sentence, creating a rising contour. An experiment (with one speaker and five listeners) establishes that there is not only one rising contour that originates in tonal reassociation, as reported in earlier descriptions, but two: Low-to-High and Mid-to-High-as could be expected by analogy with phenomena observed in Niger-Congo languages and elsewhere. A second set of experiments (same speaker; six listeners) investigates the reduction of Mid-and Low-tone syllables: they reduce to [ə] and [ə], respectively, and coalesce with the preceding syllable (in Naxi, syllabic structure is simply consonant+glide+vow l).
Introduction
The Western dialect of Naxi (纳西, a.k.a. Na 纳, Moxie 麽些, Moso 摩梭), a Tibeto-Burman language spoken in China, could appear as a textbook example of a level-tone language: each syllable carries a High ( ), Mid ( ), or Low ( ) lexical tone (He & Jiang 1985: 10) . A rising lexical tone is also reported on a small set of native monosyllables as well as on numerous (monosyllabic) loanwords, resulting in minimal quadruplets such as the following: /lɑ/ 'to strike', /lɑ/ 'tiger', /lɑ/ 'hand', /lɑ̀ / 'candle'. Rising contours are also created in connected speech by a process of syllable reduction: some monosyllabic morphemes carrying High tone can undergo a form of reduction whereby their segments are deleted and their High tone associates to the preceding syllable. If the latter has a lexical Low or Mid tone, it acquires a rising contour; if it has a High lexical tone, this tone remains unchanged. This is reminiscent of phenomena found in other languages-typically in languages of the Niger-Congo family, as described by Goldsmith (1976) , but also in other families, e.g., among creole languages, in the variety of Saramaccan studied by Good (2002) -which are now commonly modelled in terms of association lines between a tonal tier and a syllabic tier, as in (1a-b) below: when syllable σ 2 undergoes reduction (full deletion of its segmental contents, i.e. disappearance of σ 2 from the syllabic tier), its tone, T 2 , reassociates to syllable
Earlier accounts of Naxi (He & Jiang 1985 : 15, 54, He Zhiwu 1987 only acknowledge one rising contour. For instance, He Jiren and Jiang Zhuyi (1985: 15) (2a) is that /tɑâ/, 'only', undergoes reduction. The syllables involved in this process are emphasised typographically for the sake of clarity.)
This notation reflects the belief that the four lexical tones of Naxi are High â, Mid î, Low-falling ö and Low-rising ï, and that the elliptical construction (2b) results in the creation of a Low-rising contour identical to the lexical Low-rising tone. By analogy with phenomena observed in Niger-Congo languages and elsewhere, the first author of the present article hypothesised (i) that the 'Low-falling' tone of Naxi was simply a Low tone, and (ii) that two contours resulting from syllable reduction were to be distinguished, the The explicit phrasing is the following:
(3b) ŋɤ̀ ʈʂʰɯ̄ kʰɑ̀ tɑ́ ʈʂʰū lù tʰv̩ mɤ.
'I've only just arrived here. (= I'm a newcomer here.)' (Same glosses as (3a); /tɑ/, 'only', is not reduced.)
The syllables involved in this process are typographically emphasised for the sake of clarity.
In (3a) the segments of adverb /tɑ/ are deleted, and its tone is reassociated to the preceding syllable, /kʰɑ/ 'moment'; the stylistic nuance is, predictably, that (3b) is more colloquial than (3a). This is frequent in connected speech, as illustrated in figure 1, which shows a spectrogram and fundamental frequency (hereafter F 0 ) tracing of an excerpt from a narrative, (4):
(4) i ́ ‖ tō m͡ bɑ̀ kɑ̄ ʂù ́ l ɯ̄ discourse partic. priest forward fetch (lexical form: /ʂù/)+added High tone come ... and [they] invited the priest to come along...
[INSERT FIGURE 1 HERE]
In (4), the rising contour on the verb 'to fetch' points to an added High tone; this High tone is due to the reduction of the grammatical word /pú/. As a verb, /pú/ means 'to bring, to offer'; in its grammaticalised uses, it has been described as a 'gerundiser' by Pinson (1998: 11) . A synchronic overview of High-tone syllables that can undergo reduction to a High tone, which reattaches to the preceding syllable, is provided in Michaud (2006a) .
Section 1 describes experiments on High-tone syllable reduction. It is argued that the notions of floating tones and tonal reassociation can be usefully applied to the Naxi data.
Section 2 aims at presenting the broader picture of syllable reduction in Naxi by investigating the reduction of Mid-and Low-tone syllables to a coalescent [ə] and [ə], respectively. This process stops short of complete segmental deletion and 'tonal de-linking'.
________________________________________________________________________________________________________________________________________

General overview of the research method
The present analyses are essentially based on two dialects of Naxi, AS (for /ɑ̄ ʂə˞ /) and FK (for /fṿ kʰō/); see Michailovsky and Michaud (2006) and Michaud (2006b) for details.
Unless otherwise stated, the utterances cited come from the AS dialect, which belongs to Western Naxi (on the division between Western and Eastern Naxi: He & Jiang 1985:104-116) . First-hand data from other dialects are also adduced when they yield relevant evidence.
Production data were elicited from one main language consultant for each dialect: a list of 1,000 words; 800 sentences translated from Chinese; and narratives. These data were sifted for examples of syllable deletion and tonal changes; rephrasings were tested with the language consultant; and production and perception experiments involving more subjects (reported in detail below) were set up to confirm and complement the observations. To obtain a precise measurement of F 0 -and indications on voice quality, not reported here-, an electroglottographic signal was recorded throughout recording sessions.
2. Experiments on High-tone syllable reduction, establishing a difference between the /MH/ contour and the /LH/ contour
As the /LH/ and /MH/ contours are not distinguished in previous descriptions of Naxi (e.g. He & Jiang 1985 : 15, 54, He Zhiwu 1987 , which only report one rising contour, it appeared necessary to provide evidence for the claim made here that they are distinct.
All the production data reported in this paper were elicited from the same language consultant, a native speaker of the AS dialect, aged 56 at the time of the recordings. He will be referred to hereafter as M4, the label assigned in the Naxi database collected over several field trips; this label allows for unambiguous reference. In the course of work sessions, M4 with an internet link to the original audio and electroglottographic data. Two different carrier sentences were used, (5) and (6), with a view to obtaining evidence on the hypothesised contrast in two different contexts. greater duration than the other non-group-final vowels in the sentence; this may be put down to physiological factors: raising F 0 requires more time than lowering it (Ohala 1978 : 30-31, Ohala & Ewan 1973 , Sundberg 1979 . The degree of lengthening is not considerable, however. The vowel /u/ is much shorter than the vowel of the group-final particle /sé/ and the sentence-final particle /lé/, which are lengthened to indicate intonational junctures:
vowel length, which is not phonemic in Naxi, is used extensively to signal intonational phrasing (Michaud 2005:41-84) . The F 0 range in which the rising contour is realised appears to differ according to the lexical tone of the syllable: it is lower for /ʂù/ (figure 2; see also figure 1, which contains the same verb) than for /ʂū/ (figure 3).
Averaged F 0 curves for the syllables recorded within carrier sentence (5) are plotted in figure 4, which presents both the raw data and curves averaged under the technical computing environment MATLAB following a procedure described in Michaud (2004) . Due 1 The /s/ of the conditional/topicaliser / ́s é/ in figure 2 is voiced throughout. This is frequently observed (Michaud 2005:365-367) , due to the fact that function words are prosodically weaker than lexical words in Naxi (as in many other languages). This effect is not systematic: the same morpheme is less clearly 3.1. Reduction of Low-t ne syllables r sults in a coalescent [] L-tone syllable reduction will be presented before M-tone reduction because it is more frequent. Low-tone syllables were observed to reduce to [ə].
Reduction of Low-tone grammatical words to [ə]
The particle /tʰè/, which conveys 'static aspect' (Pinson 1998:103) , frequently simplifies to [ə], a process already reported by Fu Maoji (1984:314). Fu's fieldwork dates back to the 1930s and 1940s; over half a century later, this morpheme shows no signs of simplifying further and becoming a floating Low tone.
My data show this pattern to extend to other grammatical words; by order of frequency: the copula /wɑ/, the perfective aspect particle /sè/, the ongoing aspect particle /nɯ̀/, and the final particle /lɑ/, which conveys invitation: 'Let's…'. Figure 5 shows spectrograms and F 0 tracings of two realisations of the same passage of a narrative (by the same speaker, M4), /ŋgi ̄. ŋgi ̄. nɯ̀.mē/, without syllable reduction in the first case (7a), and with reduction in the second (7b). The folk tale from which this sequence is excerpted was told twice from memory at a four-day interval; the phrasing of this passage is similar in both cases, but in the second recording (7b), the ongoing aspect particle /nɯ̀/ simplifies to [ə] and coalesces phonetically with the preceding syllable.
(7a) … li l ɑ̄ há (…) ŋgi ̄ ŋgi ̄ nɯ̀ m ē… 'good old grandfather Li' walk (reduplicated) ongoing aspect particle '…good old grandfather Li was taking a stroll…' (from a narrative) (7b) ... ŋgi ̄ ŋgi ̄ ə̀ m ē… (same glosses as above; particle /nɯ̀/ reduces to /ə/)
[INSERT FIGURE 5 HERE]
As is bound to be the case with examples taken from continuous speech, the two realisations that figure 5 aims to contrast do not provide an ideal illustration of the phenomenon of reduction: in (7b), the strong friction noise at the beginning of vowel [i] (which palatalises the initial /ŋ͡ g/ to [ɲɟ] ) and the nonmodal phonation towards the end of the vowel tend to blur the movement of the formants in the course of the vowel, which is expected to provide evidence of the presence of a final schwa-target. The change from a level F 0 curve on /ŋgi ̄/ in (7a) to a falling contour in (7b) is likewise difficult to assess from figure 5, as the decrease in F 0 over the vowel /i/ in (7b) could in theory be put down to a gradual decrease towards an intonation-group-final low target on the final particle, i.e. a mere interpolation between the level pitch targets of successive syllables, rather than the effect of a coalescent [ə] . (As the tale from which these passages are excerpted were recorded with a microphone only, the F 0 curves in figure 5 were not calculated from electroglottography as in the other figures, but from the audio, using the software PRAAT: In passage (8), the second syllable of the reduplicated word /kʰō kʰò/ simplified to [ə] .
The non-reduced form was dictated during the transcription session, the two informants consulted being unaware of the reduction.
Mid-tone syllables
Reduction of M-tone syllables in continuous speech is similar to L-tone syllable reduction in that it does not result in de-linking of the lexical tone. The only counterexample observed is presented in section 3.2.2. It appears noteworthy that M-tone floating is confined to this very restricted context, and that the vowel involved is /i/. Following the reviewers' recommendation, discussion of these facts is deferred until a later publication. The experiment reported here aims to quantify the changes in F 0 that result from Ltone syllable reduction. Speaker M4-recall that he is the speaker who produced the data for all the experiments-recorded 27 monosyllabic predicates (verbs or adjectives) within the following carrier sentences:
(11) tʰɯ̄ TARGET SYLL. sè mē.
3 rd sg.
(TARGET SYLL.) perfect aspect particle final particle (12) tʰɯ̄ TARGET SYLL. ə̀ mē.
(as above; with p fect a p ct parti le in its r duced form)
If the target syllable is a verb, both (11) and (12) mean that the person referred to by the pronoun has performed the action referred to by the verb: '(S)he has ___ed.' If the target syllable is an adjective, these sentences mean '(S)he has become ___'.
The corpus is the same as for utterances (5) and (6) above. It was intended to select H-M-L series such as: /ndzɯ́/ 'fell (a tree)', /ndzɯ̄/ 'eat', /ndzɯ̀/ 'sit', but such a minimal set could not be found in every case. The predicates were arranged in random order. The speaker was aware that the focus of the experiment was on the reduction of the aspect particle /sè/. He was instructed to produce each sentence once at a slow pace, as if repeating for someone who was hard of hearing (thus eliciting carrier sentence 11), then repeat it more casually (eliciting carrier sentence 12). A translation of the predicate into the local dialect of Chinese was used as a prompt.
The effect of reduction of the following syllable on the target syllable is illustrated by figure 6 , which shows the realisation of the verb /ndó/ 'to climb' in carrier sentences (11) and (12). [INSERT FIGURE 6 HERE] In both cases, F 0 decreases in the course of the vowel /o/; however, the decrease starts earlier and is greater when the syllable is in frame (12), i.e. when the following syllable is reduced. As for formant frequencies, when /sè/ is fully realised (top of figure 6 ), the only formant movement observed is a rise in F2, which is an effect of the following alveolar consonant (a similar movement is observable at the beginning of the vowel, after the alveolar initial /n͡ d/), whereas in the case when /sè/ has undergone reduction and coalescence with /ndó/ (bottom of figure 6 ), F1 increases from about 380 Hz to about 520 Hz in the course of the vowel, and F2 from about 850 Hz to about 1480 Hz, approaching the theoretical locus of schwa, namely F1≈ 500, F2≈ 1,500, F3≈ 2,500. For refined measurements, theoretical formant values of schwa may be calculated for a given speaker; a study of tongue movement for reduced vowels in English concludes that schwa has a target position, which corresponds to the mean of the positions for all the full vowels of the system (Browman & Goldstein 1992 , Barry 1992 . 
Production data on Mid-tone syllable reduction
The production task designed to investigate the effects of Mid-tone syllable reduction was based on the following carrier sentence: The adjectives were arranged in randomised order; the 25 were elicited in succession (their Chinese equivalent being used as a prompt) with the same final particle, which was indicated to the speaker in Naxi before the beginning of the series. The speaker (again, M4)
was not aware that the experiment focused on syllable reduction. The results of F 0 measurements show that the /HM/ and /LM/ contour tones have a straightforward phonetic implementation. They also suggest that the realisation of a /MM/ tone sequence is identical to that of a simple M tone, in the same way as /HH/ sequences were shown to be identical to /H/. The slight difference in length can hardly be significant, in view of the variation in length across items; the overall tendency for the /LM/ sequences to be longer can be explained in light of physiological factors, raising F 0 requiring more time than lowering it, as was already mentioned in section 2.1. Figure 10 can be compared
to figure 11 , which shows the same adjectives, also in carrier frame (15), with one of the final particles that is not accompanied by a floating M tone. In figure 11 , the Low tone is phonetically falling, contrasting with its rise in figure 10 . The High tone is falling in both cases, but the final downward tilt in figure 11 differs clearly from the steady fall in figure   10 .
An issue which remains open: the difference among falling contours Experiment 1 gave some experimental evidence for the difference between /LH/ and /MH/ tone contours. One may wonder whether /HL/ tone contours are likewise categorically different from /HM/ contours. Comparison of the production data in figure 7 and figure 10 suggests so. Straightforward experimental evidence could not be obtained because no plausible 'minimal pairs' of utterances could be found to contrast these contours. The AS and NL language consultants were asked whether the /lɑ/ + /sè/ ('strike' plus perfect aspect) and /lɑ/ + /jɤ/ ('strike' plus particle indicating direct observation) sequences 'sound exactly the same or not' after reduction of the second syllable; their intuition is that the contour is not the same, and impressionistic listening likewise suggests that there is a difference, though it may not be realised and perceived in all cases, its functional load being very light.
Conclusions
Conclusions concerning tonal contours in Naxi
The experiments can be taken to settle the first issue raised in the introduction, that of rising contours in Naxi: the /LH/ contour and the /MH/ contour are actually distinct. The file names are as follows: 'Naxi_tones_' + number of sentence in main text + AUD for audio, EGG for electroglottographic files. For instance, Naxi_tones_4_AUD.wav is the audio file for example 4.
The list of items recorded in carrier sentences (5), (6), (11) and (12) In order to illustrate the difference between final discourse particles with and without a floating M tone, two recordings are provided: (i) one with final particle /mē/-conveying obviousn ss-, which carries a floating Mid tone that attaches to the syllable to its left; (ii) one with final particle /sjɤ/-used when the speaker was an eye witness to what (s)he reports-, which does not have such a floating tone. One single repetition is provided for each item. 
